Abstract : Multi-point independent simultaneous force measurements were made to investigate the vibration force distribution on the palm and to determine one representative point on it for the purpose of field survey. The phase relationships between the force and the acceleration were also pursued. In connection with vibration force transmission, important effects such as vector, bypassing and mechanical impedance effects were studied with a model hand by using a vibration 
of vibration diseases. A vibration force pickup has been developed by several manufacturers for the purpose of measurements such as mechanical impedance, in which case the force pickup is inserted between two rigid materials (a vibration donor and a vibration acceptor). The usual force pickups are not appropriate for measurement when the vibration acceptor is a soft elastic material because of the occurrence of complex contact conditions. In the field of industrial hygiene, force pickups are beginning to be applied to the measurement of transmission of vibration force between a hand-held vibrating tool and the human hand. Vibration isolators for the hand-held vibrating tools such as grinder1), a rock-drill of leg-type2) and a pneumatic hammer3) have been developed and the vibration isolation gloves4) have also been studied. Moreover, in order to estimate the effectiveness of the vibration isolators, the force measurement was carried out with force pickups having different cross sections in the previous papers5) . It was pointed out that there were three effects to be considered in the measurement of vibration force, that is, the bypassing effect, the vector effect and the impedance effect. The vector effect is derived from the incident angle of the vibration force flux into the force pickup. The bypassing effect arises because the vibration force is partially transmitted to the human palm without passing through the force pickup owing to the fact that some part of the human palm is directly touching the vibrating material. The impedance effect means different transmission of the vibration force on the palm in proportion to distribution of the mechanical impedance of the hand. The frequency characteristics on the palm for vibration force transmission were determined namely, it became constant below 50 Hz and decreased at a rate of -10 dB/oct from 50 to 300 Hz, where the attenuation reached -30 dB in the previous reports5) .
When a force pickup with large cross-section is used, the three effects mentioned above may be intermingled. Multi-point independent simultaneous force measurements on the palm were attempted in order to observe the distribution of the vibration force and to investigate the three effects separately. The present study was intended to identify a representative measuring point for the vibration force on the palm, to determine the significance of one-point measurement of the force and to determine whether the vibration power can be deduced. In the present work, the vibration force was simultaneously measured at eight positions on the palm by means of a vibration force pickup of piezo-film type. The frequency range measured was limited between 10 and 300 Hz. A. 2) Bypassing effect : The vibration force bypassing the force pickup and directly transmitting to the hand can be calculated by the law of partition of the vibration force.
The four force pickups were placed directly on the vibration table and the urethane foam rubber (10 mm thickness in the uncompressed state) with the same cross-section as the force pickup was applied to them. The urethane foam rubber was also applied on the table and then the force pickup was placed on them to increase the height of the pickup (Fig. 2 , iii).
The vibration force was measured and at the same time the phase angle between the acceleration of the vibration table and the force pickup was observed.
B. 2) On the handle set on the vibration table:
The imitation handle was set on (ii) The force pickups were placed on the vibration Eight channels of output signals from the force pickups were passed through impedance converters made of FET transistors and sequentially selected to provide a single channel by means of a multiplexer controlled by a microcomputer. The selected signal was amplified and rectified by an rms circuit, and then connected to an AD converter.
Data processing was carrid out with the microcomputer (M-220, Sord Comp. Co.).
The vibration force pickups were calibrated by means of a mass of 160 gr on the sinusoidally vibrated vibration table.
The linearity of the pickup was examined by the use of masses of 100, 300 and 600 gr. Good linearity was obtained on all the pickups.
As the force pickup had a flange around the flat centre disc, the effect of the flange was checked ; namely, the same mass was separately loaded on the central disc or on the flange using a suitable attachment. The results showsed a gain reduction of about 6 dB on the flange loading comparing with that on the central disc loading, and this was considered to be negligible for practical force measurement. A. 2) Bypassing effect: The bypassing effect was examined under the four conditions shown in Fig. 4 , a, and the results are shown in Fig. 4 , b.
(i) The force pickup was touched with the aluminum plate of the model hand via K. KANADA AND K. KOBAYASHI (ii) One layer of urethane rubber was inserted between the aluminum plate of the model hand and the vibration table (Fig. 4, a, ii) . The ratio of the total cross sections of the force pickups to the rubber was taken as 1: 3. The gain of the force decreased by about 1 dB owing to bypassing of the vibration force to the hand without changing the frequency characteristics as compared with case i (open triangles in Fig. 4, b) . The attenuation value of 1 dB is determined by the elasticity of the rubber.
(iii) The thickness of urethane rubber was varied to two layers without changing the cross-sectional ratio in case ii (Fig. 4, a, iii) . The gain decreased by about 10 dB over the whole frequency range, but the frequency characteristics were unchanged below 200 Hz (clear rectangles in Fig. 4, b) . The attenuation level of about 10 dB is also determined by apportionment of the force owing to the elasticity of the material. The gain, moreover, decreases sharply above 200 Hz because the other resonance system is brought into it.
(iv) The cross-sectional ratio was changed to 1 : 1.5, but the other conditions were kept constant in case iii (Fig. 4, a, iv) . The gain increased by about 6 dB as compared with that in case iii (open circles in Fig. 4, b) . If the spring constant is similar without regard to the cross section, the ratio of transmission force in case iii to that in case iv is 1/4/1/2.5=2.5/4 (=4 dB). It is, therefore, considered that the spring constant changed With one force pickup, the force level was about 140 dB for 1 g driving (Fig. 1, b, in Part 55)), but with four pickups, the level of each was lower by about 10 dB under the same conditions (theoretically 12 dB). It is remarkable that the frequency characteristic curves all run parallel below 160 Hz, even though the experimental conditions were different. When bypassing occurred, the vibration force level observed clearly decreased.
The phase relation between the vibration force and the vibration acceleration observed force pickups which were placed on the vibration table. Three subjects were tested the positions of pickups were the same as shown in Fig. 2(i) . force pickups which were placed on the vibration table. Three subjects were tested ; the positions of pickups were the same as shown in Fig. 2 (i) . The average curves for three subjects were estimated by superposition of the individual graphs. The force level in this case at frequencies below 40 Hz is larger by about 10 dB than that in the case including the bypassing effect, and the difference can be explained in terms of the bypassing force. However, both curves show similar tendencies in the higher frequency range.
B. 2) In the case of gripping of the imitation handle set on the vibration table, the force level curves for three subjects are shown in Fig. 8 , a, b and c. The curves, In the case of non-bypassing, the height of the force pickup was increased by means of an aluminum block with the same diameter as the force pickup. These curves were obtained by averaging superposed curves for three subjects. The phase relations between the vibration force and acceleration on the palm of one subject (A) are shown in Fig. 8, d . The measurements at 3, 4 and 5 were omitted be- C) In the case of the three kinds of portable vibrating tools, the data on vibration force level (FL) (right and left hands) are listed in Table 1 . As compared with the case of the force pickup with the large cross-section (Fig. 9, b, Part 55) ), the force pickup in the present paper shows the difference of about 27 dB. This fact means the difficulty of force measurement. The variation of the FL value due to the different positions of (ii) Vibration force level at various positions on the palm (averaged on three subjects). 2) The output of each force pickup decreases proportionally to the number of pickups used.
The measured vibration force decreases proportionally to the extent of bypassing.
3) The vibration force level in the palm is determined by the mechanical impedance on it and by the closeness of contact in holding the tool. The vibration force levels measured at the positions 0, 1 and 2 were the largest. The data at any one of these three positions can be selected as representative for the palm, which usually shows the maximum value.
4) The vibration power can be calculated for the pure sinusoidal vibration on the vibration table.
In the field survey, however, a new data processing method has to be developed for this purpose, because of the complex phase relationship of the force pickup.
